Emerging technologies for learning: key technology trends by unknown
Key technology trends 

Web 2.0 and social software 

What is it?
Web 2.0 is a catch-all term to describe a variety of developments on the web and a perceived shift in the way the web is used. This has been characterised as the evolution of web use from passive consumption of content to more active production, participation, and sharing – to what is sometimes called the read/write web. 

What technologies are involved?
The term Web 2.0 covers a range of technologies, services and trends underpinned by the growth of a critical mass of internet users. It is about using the internet as a platform for simple, light-weight services that exploit social interactions for communication, collaboration, and creating, remixing and sharing content. Typically, these services develop rapidly, often relying on a large community of users to create and add value to content or data. The availability and ease of use of Web 2.0 tools and services has lowered the barriers to production and distribution of content. Some examples of Web 2.0 services include: social networking sites, blogs, wikis, social bookmarking, podcasting, media sharing sites, rich internet applications and web ‘mashups’.

Why is it important to education?
Young people seem to be particularly attracted to many Web 2.0 developments, often for the social aspects of easy communication, coordination and online expression of their personal identities. 
 
At the same time, the affordances of Web 2.0 seem to harmonise well with current policy initiatives and modern thinking about educational practice. In particular, they seem to:

	Offer new opportunities for learners to take more control of their learning and access their own customised information, resources, tools and services 
	Encourage a wider range of expressive capability 
	Facilitate more collaborative ways of working, community creation, dialogue and knowledge sharing 
	Provide a setting for learner achievements to attract an authentic audience.

For education, Web 2.0 implies both a set of tools and technologies and more collaborative, participatory, leaner led approaches to learning and teaching.

Where is it going?








The functionality, performance and affordability of the growing number of mobile devices continue to improve. Increasingly these devices are becoming connected to the internet, networks, each other and objects and locations in the real world. As more learners carry mobile devices the convergence between mobility, wireless connectivity and the internet, creates a permanent ‘info-cloud’ that changes the way people learn, work and interact with other people and the world around them. 

What technologies are involved?
Mobile devices can include notebook computers, Tablet PCs, Ultra mobile PCs (UMPCs) and the new style of inexpensive mini-notebook or ‘netbook’. Some of the most innovative examples of mobile learning are using more personal, handheld devices likely to be owned by learners themselves such as mobile phones/smartphones, media players and games consoles. These devices can now offer a range of functionality such as wireless connectivity, powerful processors and applications, multimedia capabilities, integrated cameras, content creation tools, GPS, and sensors. 


Most educational institutions now have wireless local area networks (WLANs) to support more flexible learning using portable or mobile devices. Wide area wireless connections are also becoming faster and more available through technologies such as 3G/HSPA, WiMAX, mesh Wi-Fi networks and the gradual move to 4G wireless. Wireless technologies are also developing for personal area networks over short distances or for applications where a user touches their device to an interface. Examples include RFID, near field communications (NFC), Ultra-wideband (UWB),  Zigbee, new 60GHz short range wireless and faster versions of Bluetooth.

Why is it important to education?
Wireless connectivity transforms mobile devices and enables anytime, anywhere networked learning and learner interactions. Mobile learning is about much more than just delivering digital learning content to a mobile device. It enables new ways of learning and digitally enhanced experiences across different contexts, such as interacting with locations and objects in the environment, collecting data and receiving relevant, just in time, context specific information. Mobile devices also play a part in many emerging technologies that could be relevant to education such as context aware computing and augmented reality - overlaying a view of the real world with relevant digital information. Attributes of mobile learning include:

	Flexible access: can be used where and when needed, in and outside of the classroom 
	Embeds ICT in classrooms: quick deployment; take-up little space; easy for ad-hoc use; user centred; immediate access to information/tools (many devices offer instant-on), ad-hoc collaboration
	Learner Autonomy: 1:1 access to ICT. ‘Ownership’ encourages student initiated learning and sense of responsibility. Can enable learner autonomy and help deliver personalised learning.
	Improves Home school links: helps engage parents in learning process. Potentially tackle digital divide
	Motivation, engagement: Evidence of increased motivation, particularly for boys 
	Situated learning: facilitates innovative location based/context based learning (eg field trips, museums), and mediascapes/augmented reality 

Where is it going?
Devices are becoming more powerful, more connected and more versatile while some of the barriers of mobile devices such as poor battery life, small displays and poor interfaces are beginning to be overcome. An increasing range of mobile devices are likely to be owned by learners which raises questions about how institutions could support their use for learning. 






Consumerisation of IT 

What is it?
The consumerisation of IT is about a shift in the way technology is adopted and used. In the past much technology was expensive, complicated and primarily developed and aimed at business and government markets. It would then filter down to consumers. Now, many technology innovations are aimed at the consumer market and knowledgeable users are adopting these technologies in their work. Organisations are beginning to use some of these consumer grade technologies, or developing equivalent business grade versions.   

What technologies and trends are involved?
A range of technologies are affected by consumerisation, but today it is particularly focussed on web technologies (such as IM, social software) and mobile devices (such as smartphones). It is underpinned by a number of trends including:
	An increased range of affordable devices and (often free) services/content aimed at consumers are available, giving more freedom and choice
	Technologies are easier to use and consumers are comfortable using a range of digital technologies in their lives. They have higher expectations of IT
	Users have easy access to the means of digital production and distribution; the media is no longer in the hands of the few
	Services and technologies develop and change rapidly(perpetual beta)
	Increasing commoditisation of IT hardware
	Users are also shaping technology itself through new open approaches to development such as software being in perpetual beta, Web 2.0 open APIs, mashups and the power of the crowd
	As the boundaries blur between working, learning, playing and socialising, so users will expect to do all these activities on their devices.

Why is it important to education?
The consumerisation of IT has implications for both the demand side (learners) and the supply side (providers) in education. Learners are using a wide range of digital technologies and services outside of formal education and increasingly are using them within institutions, with or without permission. Developments in technology and the behaviours and expectations of users present challenges to IT management. Traditionally, IT managers have tightly controlled and locked down the networks, applications and equipment made available to their users, for very sound reasons. However, this approach could reduce innovation, and make education IT systems less relevant and appealing to learners. The challenge for education providers is in finding ways to support these changes in use and ownership with more flexible models, while still providing a secure, robust infrastructure.

Where is it going?






New approaches to the delivery of IT 

What is it?
The increasing complexity of IT provision and management and the need for more agile and efficient services has led to the development of new approaches and architectures for the delivery of IT.

What technologies are involved?
Some of the key technologies and approaches involved include: virtualisation, ‘cloud’ computing models, Web 2.0 and service oriented architectures (SOA). 
Virtualisation is about decoupling operating systems and applications from underlying hardware allowing much more flexibility in deployment, more efficient use of resources and improved management and control. Some forms of virtualisation can also offer an alternative to managing standard PCs and their associated costs and issues, by centralising the management and delivery of applications or full desktop environments. 
Cloud computing is about IT being hosted by a third party and delivered as a service over the internet within a highly scaleable model. This can potentially range from an individual service such as email to full desktop delivery. This allows organisations to buy services as they need and use them rather than procuring and maintaining their own infrastructure. It also enables users to access data and applications from any connected device. Utility computing and software as a service (SaaS) could be seen as part of cloud computing. 
SOA is an architectural approach that involves loosely coupled business processes and services integrated using web services. This modular approach allows IT to quickly respond to changes in business need by recombining or reusing processes in a new deployment.
In this context key Web 2.0 technologies include mashups that allow the quick and easy creation and integration of new applications and services by combining existing tools and sources of data; and Rich Internet Applications (RIA) that give web applications the look and feel of desktop software and use the web as a platform for delivery.

Why is it important to education?
These new approaches may offer opportunities for more efficient, reliable and flexible delivery of IT services to education. They can reduce operating and infrastructure costs, improve performance and simplify deployment and management. They may also allow more agile creation and delivery of services that will be more accessible to users.  

Where is it going?





Low-cost mobile computers 

What are they?
Low-cost mobile computers are small, basic, and inexpensive notebook computers running full operating systems and applications. They are variously called: netbooks, mini-notebooks, ultra mobile devices and ultra low-cost PCs. 

What technologies are involved?
These devices typically have displays between 7 and 10 inches, low power processors and Wi-Fi connectivity. They tend to have lower performance and fewer features than full notebooks and may not be able to run all the applications of a typical specification notebook or desktop computer. They are usually available with Linux operating systems (usually with a user friendly interface), or Windows XP. Many have low capacity solid state disks (SSDs), although hard disk versions are also an option. They are now available from a range of suppliers with a wide choice of specification. However, the price of some models overlaps with inexpensive ‘traditional’ notebooks.

Why are they important to education?
Although ‘sub-notebook’ computers have been available for many years, they have been expensive compared to standard notebooks. Low-cost mobile computers are a new category of device that only came to market in late 2007. Their appeal to education lies in their low price, small size/weight and simplicity. They have been seen by some as providing a route to 1:1 computing; however others see them as only being complementary to full specification computers. 

Where are they going?





Context aware computing 

What is it?
Context aware computing is about systems that can understand context and intelligently adapt their behaviour to suit a given situation. This could mean systems that know who you are (your role, your preferences, previous actions), know your location, what device you are using, what devices and other services are available to you; understand your environment, what you are doing, and possibly your emotional state and receptiveness to learning. Ultimately, it is about systems that can adjust to the context to provide the right information, in the right format at the right time and place. 

What technologies are involved?
Context aware computing involves a range of technologies to capture context information. These could include for example: accelerometers to interpret movement (eg to convert a display from landscape to portrait depending on orientation); sensors to record heat, light, pressure, humidity; location aware technologies such as GPS; and identification technologies such as RFID. Simple implementations of context aware computing may only use one of these elements, but more complex examples involve using multiple elements in combination. The contextual information may also be used by systems that can interpret the situation and provide appropriate responses automatically. In the future, software agents - programmes that look for opportunities to make a user’s life easier by providing just in time information or carrying out tasks in the background - may be key to providing integrated context aware systems. 

Why is it important to education?
Context aware computing has a range of uses in education and aspects of it have already been used in innovative projects. For example, a number of projects have involved information being automatically downloaded to a learner’s mobile device when they are at a given location, or in front of an exhibit in a museum. ‘Smart’ classrooms embedded with sensors are able to respond to individual learners and teachers. The ability for appropriate information to be presented when and where needed should improve opportunities for situated and personalised learning in different contexts.

Where is it going?






Emerging display and interface technologies 

What are they?
Human computer interaction (HCI) is currently dominated by the mouse, keyboard and LCD display, but various developments in display and interface technologies have the potential to change the way we interact with computers, transforming how, when and where those interactions take place.  

What technologies are involved?
Displays: A number of display technologies are emerging that offer the potential for thin, light, power efficient screens. Key technologies in this area include Organic LED (OLED) and light emitting polymer displays. These electroluminescent displays, already used in a small number of devices, don’t require a backlight, and are extremely thin and bright. Electronic paper displays are also coming to market offering high resolution paper-like, reflective displays and are being used in a new range of e-book readers. Both these types of display can be put on flexible substrates allowing rollable displays, larger than the device itself, or displays that could be moulded to fit a variety of surfaces or integrated into books or magazines. Inkjet print technologies are being investigated for low-cost, high volume manufacturing of these displays. Some other emerging display technologies include very small projectors that can be embedded in mobile devices (pico-projectors), heads-up displays and 3D screens and volumetric displays. 

Interfaces: There have been developments in handwriting recognition, voice recognition, touch displays, gesture recognition, haptics, eye-tracking, machine vision and wearable computers. Although many of these interfaces are only used for specialist markets or applications, some are becoming useful on mainstream devices. Multi-touch displays, for example, are now widely accepted on mobile devices and are appearing in larger screens for collaborative work. Accelerometers that detect movement (as seen in some games controllers) are also being deployed in mobile devices. Another key area is that of rethinking the visual interface itself, to minimise the need for text input and to have smarter systems that understand what the user is trying to achieve and present relevant options. Further ahead, telepresence technologies can allow users to interact with remote locations and 3D printing, which is becoming more affordable, enables objects to be ‘printed’ from computer designs.

Why are they important to education?
These developments offer opportunities for a range of new learning situations, as well as improving existing technologies such as mobile devices and whole class teaching displays. For example large, multi-touch displays can allow better collaborative interaction. New interface technologies can provide more natural and human centred ways of interacting with computers, allowing learners to concentrate on the content and task and not the technology. Eventually, some of these technologies could enable displays to be available in numerous locations, with any surface potentially being able to provide digital content or provide digitally enhanced views of the real world.

Where are they going?









Pervasive computing, ubiquitous computing, calm computing, invisible computing, ambient computing, and  the  real world web are all terms used to describe a vision of computing, sensors and communication technologies being embedded in objects and locations in the world around us. The increasing performance and miniaturisation of technologies is allowing more objects and devices to become addressable (have a unique ID) and connected (usually wirelessly). This new ‘internet of things’ could collect huge amounts of data, allow new interactions in the real world between people and things, people and places and between things and things. The web moves from being purely a virtual space to one that interacts with the real world and provides us with real time information, help and services at the time and place needed.

What technologies are involved?
Pervasive computing involves a range of technologies working together and touches on all areas of IT. However, there are four key aspects to technologies that enable pervasive computing: identification (eg RFID tags, 2D barcodes), location (eg GPS), sensing (eg sensor networks), and connectivity. Other areas of technology such as mobile devices to interact with the computer enabled physical world, more adaptive, responsive interfaces, and intelligent, context aware systems to connect the user, virtual and physical worlds together in a useful way, are also important.

Why is it important to education?
For education the ability to receive and manipulate real-time data and interact with objects and locations in the real world has a range of benefits. It implies a major shift to a more human centred relationship with computers, with technology working for us, adapting to our needs and preferences, but remaining invisible until needed. Pervasive computing can allow learners to interact with the world around them and learn in more experiential ways. This should enable more personalised, immediate context-aware interactions and reduce the barriers that using computing devices can sometime present.

Where is it going?








‘Green’ IT refers to the growing concern about the environmental impact of IT and the ways users, manufacturers and regulators are addressing the issue. There is an increasing drive to move towards more sustainable IT, both for environmental reasons and to reduce energy costs. 

What technologies are involved?
‘Green’ IT encompasses the full range of technology use. It can include a variety of environmental concerns from the impact of manufacturing, recycling, waste disposal and carbon emissions. The focus however, tends to be on reducing energy consumption. Approaches include modifying user behaviour, setting out policies, directives and targets, implementing new delivery models (eg virtualisation) and of course technology improvements, such as more efficient components, designs and power saving features. Building and data centre design are also key areas. In addition, using technology to reduce environmental impact is also being explored (such as reducing the need to travel).

Why is it important to education?
Environmental sustainability is a major concern for all. The Government has made clear that education has a responsibility to teach learners about environmental sustainability and to reduce the impact of schools and colleges on the environment, including that of their IT systems. Putting in place appropriate measures can not only reduce environmental impact, but also offer significant cost savings from energy use reduction.

Where is it going?















Exponentially increasing amounts of digital data and content are becoming increasingly difficult to store, manage and use. This has led to the development of new ways of handling, searching, analysing and presenting data.

What technologies are involved?
There are a number of technologies and approaches involved; some are fairly self-contained, whereas others involve complex, interrelated changes to the way systems work. Some key areas include: search becoming more intelligent, customisable and context aware; better knowledge management through improved document management, storage and retrieval systems, and the ability to index and search unstructured data; better data analysis through data mining, business intelligence, and pattern matching; using network effects to harness the power of people through user ratings, social network analysis and other collective intelligence techniques; giving meaning(semantics)  to data so that machines can share, interpret and make use of information on our behalf; and new ways of presenting data in more intuitive ways such as through data visualisation. 

Why is it important to education?
For education these developments are interesting in two ways. Firstly, they can enable or improve a range of educational business processes underpinned by effective use of data. Currently, although large quantities of data are collected, it is often under exploited. These developments could help with areas such as assessment for learning, ‘just in time’ testing, recording/tracking progress, identifying areas of weakness and delivering more tailored, personalised learning.   
Secondly, for learners they can improve the ability to find the right information among the vast quantities of content available and offer opportunities to analyse and interpret data in new ways. Visualisation, for example, can allow learners to explore new connections and interpretations of data and present findings in compelling ways. 

Where is it going?
These trends will continue to be important as the amount of digital content grows and the need to make effective use of data increases. Interoperability between systems should be eased by the use of standards and adoption of approaches such as the Schools Interoperability Framework (SIF). Harnessing the ‘power of the crowd’ to add meaning to content and undertake tasks not suited to computers is likely to increase. The semantic web has been put forward as one possible solution to making the information on the internet useful to computers. This uses ontologies and schemas to separate content from its presentation and gives it a structure that enables information on the web to be retrieved, interpreted and shared by computers. However, many believe the requirements of the semantic web are too onerous, too rigid and too complex to be achievable.




